We have been searching for the compounds contributing to the strong antioxidant activity of roasted sesame seed oil. It has been believed that g-tocopherol, sesamol and melanoidin-like browning compounds contribute to the antioxidant activity of roasted sesame seed oil (11, 12) . We report here the isolation of sesaminols from roasted sesame seed oil (1 and 2) as the antioxidative compounds (Fig. 1) . This finding may help explain the oxidative stability of roasted sesame seed oil.
Experimental 1 Materials
Roasted sesame seed oil was prepared by squeezing sesame seeds roasted at 230 for 15 min in a rotary kiln. Amberlite XAD-7 was obtained from ORGANO Co. (Tokyo, Japan). Silica gel (Wako gel C-200) and DPPH were obtained from Wako Pure Chemical Industries (Osaka, Japan).
Isolation of Antioxidative Components
The roasted sesame seed oil (300 mL) was diluted with 1 L of hexane, and applied to an Amberlite XAD-7 column (7f 50 cm). The column was eluted with 1 L of hexane, 1 L of hexane-ethyl acetate (8: 2, v/v) and 1 L of methanol. The fraction eluted with ethyl acetate showed stronger DPPH radical scavenging activity than those of the other fractions. This fraction (3.84 g) was charged in a silica gel column (4f 30 cm) and eluted with 500 mL of hexane-ethyl acetate (8: 2, v/v), 500 mL of ethyl acetate, 500 mL of methanol and 500 mL of methanol-water (9: 1, v/v). The ethyl acetate fraction (750 mg) that had strong radical scavenging activity was separated by preparative HPLC (Nomura Chemical, Co. Ltd., Japan, Develosil ODS-10, 30f 250 mm) with methanol-water (75: 25, v/v) as the solvent system to obtain 6 fractions (frs. 1 6 
3 Measurement of Antioxidant Activity
The antioxidant activity was evaluated by measuring the DPPH radical scavenging activity (10) . After a 30-min incubation of the reaction mixture containing 4 mL of 1% sample solution (in ethanol) and 1 mL of 0.5 mM DPPH ethanol solution at room temperature, the absorbance was recorded at 517 nm. The results were expressed as percentage decrease with respect to control values.
4 Analysis of Sesaminol in Sesame Seed
Oil Unroasted or roasted sesame seeds (20 g) were squeezed and delipidated with 100 mL of hexane. The residue was extracted with 100 mL of ethyl acetate. The extract was concentrated and analyzed by HPLC. HPLC was performed with a Jasco PU-2080 pump and UV-2070 detector. The HPLC conditions employed for the quantitative analysis of sesaminols were: column: Capcell Pak UG-120 (4.6f 250 mm) (Shiseido Co. Ltd., Japan); solvent system: methanol-water (7: 3, v/v); flow rate: 1.0 mL/min; detection: 290 nm. Sesaminols previously isolated and purified from refined sesame seed oil were used as standard samples. 
Isolation of Sesaminols from Roasted Sesame Seed Oil
JEOL a-400 for NMR, JEOL JMS-700 for mass spectra, and JASCO DIP-1000 for specific rotation.
Results and Discussion
The isolation scheme for the antioxidative components from roasted sesame seed oil is shown in Fig. 2 . We isolated two antioxidative compounds, 1 and 2, with DPPH radical scavenging activity from the ethyl acetate soluble fraction of the roasted sesame seed oil. The EI-MS spectrum of 1 showed the molecular ion peak, M + at m/z 370, indicating a molecular weight of 370. The spectroscopic properties of 1 suggested that it is a lignanphenol compound. Compound 1 was identified as sesaminol by comparing the 1 H-NMR spectrum with that reported previously (4, 5) and that of an authentic compound (Fig. 1) . On the other hand, 2 was identified as 2-episesaminol from the MS and NMR data in the literature in a similar manner (4) .
We reported that sesaminol formed at a high concentration from sesamolin having no antioxidant activity during the refining process (bleaching step) of unroasted sesame seed oil (5). Furthermore we revealed that the antioxidant activity of refined sesame seed oil is mainly attributable to sesaminol (5) . In the present study, we demonstrated for the first time the presence of sesaminols (isomers) also in roasted sesame seed oil.
Sesaminols have been reported to exist in glycoside form in sesame seeds (13) . Although sesaminol glycosides themselves do not have antioxidant activity, they are hydrolyzed by b-glucosidase of enteric bacteria to give sesaminols in vivo (11) . Sesaminols are therefore considered to be absorbed from intestinal cells and to prevent oxidative injury to the lipid membranes. In this study, roasted sesame seed oil was found to contain free sesaminols; so roasted sesame seed oil is also expected to have antioxidative effects in vivo.
We analyzed the amounts of sesaminols in sesame seeds under various roasting temperatures. The sesame seeds, unroasted or roasted at 218 or 230 , were extracted with ethyl acetate under the same conditions, and the sesaminol contents were determined by HPLC. The results and antioxidant activity (DPPH radical scavenging activity) of each sesame seed are shown in Table 1 . Quantities of sesaminol and episesaminol in sesame seeds were expressed as sesaminols, because they could not be completely separated on the HPLC chromatogram. The amounts of sesaminols in sesame seeds and their antioxidant activity were increased by roasting. It is possible that sesaminol glycosides contained in sesame seeds decompose to produce sesaminols as an aglycon by roasting.
We reported that large amounts of sesamol were produced from sesamolin during roasting of the sesame seeds (7). On the other hand, tocopherols were slightly decomposed by roasting; and it was therefore suggested that tocopherols do not play an important role in the strong antioxidant activity of roasted sesame seed oil (8) . In addition, the oil heated at a low temperature with sesamol did not have antioxidant activity equal to that of oil heated at a high temperature (8 was not strong enough to explain the strong activity of roasted sesame seed oil, and that unknown antioxidative components other than sesamol are present in roasted sesame seeds. The isolation of sesaminols as the antioxidants from roasted sesame seed oil in this study indicates that some of the unknown antioxidants are sesaminols.
There are some reports on the relationships between the antioxidant activity of foods and roasting temperature. Duh et al. reported that the antioxidant activity of barley was reduced by roasting treatment, because of the reducing components such as polyphenols and tocopherols (14) . In addition, they reported that the Maillard reaction product (MRP) increased with the increase in the roasting temperature, but the antioxidant activity of MRP was reduced by heat treatment. But Krings et al. reported that the ethanol extracts of roasted wheat germ and other roasted foods such as hazelnut and almond exhibited the antioxidant activity (15). They described how MRP contributes to the antioxidant activity of roasted foods.
Concerning sesame seeds, we found that the increase in antioxidant activity paralleled that of browning (8) . The melanoidin-like browning compounds in roasted sesame seed have been believed to contribute to the antioxidant activity (11, 12) but the browning compounds of roasted sesame seed are apparently different from the aqueous melanoidin produced from sugars and amino acids, which are hardly found in sesame seeds. The participation of the antioxidant activity of the melanoidin-like browning compounds in roasted sesame seed is still unknown.
Roasted sesame seed oil is widely used in Eastern Asia due to its oxidative stability and rich flavor. Recently, lignan compounds including sesaminol have been reported to inhibit the oxidation of low-density lipoprotein (LDL), so that sesame is recommended for preventing arteriosclerosis (16, 17) . Not only did our study confirm the strong antioxidant activity of roasted sesame seed oil, but it also suggested the new possibility of sesame as a functional food.
